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NATTONAL ADVISCRY CCMMITTEE FCR ARRCNAUTICS

ADVAYCE CCNFIDENTIAL RTUPORT

DTVILCPMTINT C7 WING INIETS

By Stanley F. Racisz
SUMKARY

An irvestigetionwas made in the Langley two-
dimernsicnsl low-turbulence turnels to develon a wlng-
inizt section having maximum 1ift and critical speceds
as high £s thcse of tre ccorresyponcing basic airfell
secticn. Low inlet losses were cesired for an exten-
sive renge of 1ift ccefficient =znd low rote. The
investigatlicn consisted in messurements of the 1ift,
drag, internal-flow, and sressurs-cistribrticn charac-
teristics cf 5 low-dras-type 2irinil section with
several lecding-edge air inlets., 4s 3 result of suc-
cessive modifications, two wing-inlet secticns raving
maximam 1ift coefficlents exceeding the maximum 1ift
coefficient of the baslc airfoll section and negligihle
inlet losses trrouchcut an extensive rangce of lift
coefficient and inlet-velocity ratic have been developed,
The critical Mach number cf the inlet lips {the forwsrd
0.5C crord) of one of the wing inlets was higher than
thot of tre »nlaln airfoil secticn. The criticsl Mach
number of the entire winr-inlet section, howeaver, was
limited tc a volue screwhat lower then that of the nlaln
alrfoll section »y the hirh sucticn uvressures in the
vicinity of the exit, which wss loceted cn the unper

~

surfzce between 2.50C chord =nd 0.60 chord.
INTRCOUCTICN

Some of the more iImportant groblems involved in
developing wing secticons wlth lesdirng-edge inlets fcer
admitting cooling alir are those c¢f cbtalning the required
quantities of coolling alr flow wlthcut excessive internal
losses and of cbtaining the desired maximum 1ift and
criticazl s=neacds. Attemots to develop wing-inlet secticns
havirg the desired airfoll and cooling charscteristics
often result in scme comsromises,
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A research prograw was undertaken in the Langley
two-dimsneional low-turbulence tunnels to develop a
leading-edge alr inlet for an airfoil section of th
low-dreg type. It waes desired thaet the wi ng—*nlet
scetion chu a meximum section 1ift coefficient of

1.26 at a Reynolds numbsr of 3 X 1W° end s critical Fach
number of O. )7 at a section 1ift coefficisnt of 0.15,
or valuss nct lower tlan thosz for the nlsin sirfeil
section. The renga of inlet-veloclity raetio ag a function
of thc 1ift coefficiant for which low inlot locsus were
esired is shown in figure 1. Progrossive modificstions
were mede to a trisl winz-inlset scction of 2-foot ciord
ir an sttorrt to davelop a wing-inlot szction having
the desircd charsctaristics. AWtDndsn sxact mothods
dotormining wing-inlet nrofilzs arc not indicetid by
he dese presentesd horeln, n nﬁlc—L"cn is given of
srogross made In tha guv,lnoryn, oi & leading-2dge
EWEJE fap the cirfoil soction tssbted in this o
investigstion. '

]

i~

or

The investigetion conalstsa in meesurenents of the
1ift, drag, internal-flow, snd or wasurc-distriovbuction
charscteriatics of ssverel inlot confqurru_cns.
Msesurements of the cherecboris ClC“ wors w2de through
a range of angle of atteck from nog ative 1ift cozffic
to ths stall. The inve<t1""ﬁlca *nc11¢ea tests 01 &
wing inlet with roughnoess apulicd to the leadling eg
of the inlet lips o determineg the uffucta of lsading
edge roughnoss on the ¢ gction characturistics.

f‘O

I~

SYMBOLS
The symbols end coefficients used in tha proescntation
of results are as follows:

ag section angle of attack, zivon with reepsct to
roefersnce line, de

c chord of original wing-inlet section measured
elong roferince 1linc

cy, ssetion 1ift co:fficient bascd oun actual chord >

P

cq scetion drag cosfficisnt bassd on ectu 1 chord

A

Cm./h scotion pltehning-momsnt coslficisnt av quartzr-
c chord point
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v velocity measured at peint indiceted hy subscript
o} mass density
) coefficlent of viscosity
q dynamic pressure . }.pv2
2
H tctal pressure messured at peint indiceted by
subscript
AH loss in total pressure measured at inlet or
exit as indlcrted by subscrint
h height between inlet walls measured at inlet
or exlt as indicated by subseript (fig. 2}
8] local static prescure
6p wing flap deflection, degrees .
' PeVqc
R Reynolds number based on actual chord :
# //
My critical Mach number, that {ree-stream Mech
number at which the s»eed of scund 1s first
~attszined at any pcint on the airfoll surface
. To - P
S pressure ccefficient| ——m—
G
Vy . .
— inlet-velocity ratio
Vv
o}
Subscripnts:
0 free stream
1 inlet
e exit
int internal
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1ODELS

The two-dilmensional models tested in the investi-
agation were constructed of laminated wood and had chords
of 2 feet and s»ans of arproxims tely 3 feet. Prena-
ration of the surfaces fcor tects consisted in glazing
local A,fects er:d then sanding tne entilre surfaces
w.th No. liC0 carborundws naner on rubber blocxs.

~ Tan2 prlain airfell section, which formed ths hasic
airfoil section for the wing- 1nA3t sections, ls similar
to airfo*lc of the JATA ?~°Dvies “ef“rence ). At =
ssction 1ift coafficisnt of 0.7, which is asproximetely
the design 1ift coefficient, the chordwise positiors
of minimun pressure sare egnproximately 0.35c and 0.5
for the upper snd lower suriaces, respectively. Th

-
,;A

maximur thickness ig asproximctely 0.17c. Two models,
one with & =lsin treiling edsr: end cne witnh a flap of

0.22¢ e#nd a vene of (.0%e¢, w taoved.

The extsrial contours behlnf the 0O, 19+

of the wi n%-wnleu section werce tie seme
plain 2irfoil seciicn. The trial Iinlc
nerein the original inlet ([is

edge radii and lip stagger, o
ation which might be sxpected to minin

ho length. of
fairing that would be requirsd between the plein airfoil
and tne aucted sections of a full-zccale wing., Tne
cooling air exkausted over the unner surfece sliightly
downstresm orf the C.50c position, and the air flow was
uleted by an internal exlt f1n> pivoting zt the (.50

trtion. Such en exit configuraticn is cne thet mlght be
designed for & flsnpzd alrfoil section. The Inlet end
exlt of the ducted model extanded zeress the entire soan,

Test deta et a Reynolds numbar of anproximately

2.5 % 106 wsro obteinsd in tie Langley two-dimensionsal
low-turbulence tunnel (designatea LLT). ,Test data et
Rsynolds numbers of e3proximstely H x 1% and ¢ x 10°
were obtained in the Langley two-u¢¢ansional low-
turbulence »ressure tunnel (designeted TDT). Lift deta
were obtalned from nrsssure meesarosments along the floor
and ceiling »f the tunnsl tsst section. Drag

71

o
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cheracteristics were determined from wale-survey
measurerients. Detalls of the test methods for the
two-dimensional low-turbulence tunnels are dis-
cussed 1n reference 1.

Surface pressures for the wing-inlet section were
measured with small stetic tubes of ©.0li0-inch oubside
dlameter which were mounted close to the airfoil surface.
Orifices in the modsl surfaces ware uzed to neasure

he pressure-distribution characteristics of the »Hlain
airfoil section.

FPlow measurements were nade at both the i
exlt of the ducted section to determine the in 1
the inlet-velocity retic, and the total-prescsure lo
through the ductzd section. The inlet loss wes det
mined from weasurenents made with three total-prassure
tubes located at the C.10c strstion as shown in fizure 2.
The inlet-veloclty ratlo and ithe loss in totzl dDressure
were determined from messurarmoente of flow at the sxitb.
Measurements of the flow et the sxit were wmade with a
rake consisting of ons static-pressure snd four total-
pressure tubes having outside diasmeters of arproxiwastely
0.C40 inch. S8rall exit heighls sermitted the use of
only two or three total-sressure tubes. For lerge

exlt heights, two or more survsy rekes located at
several spnanwlse stetions were used to determine Lhe
average exit flow,

The internal drag coefficient wes dstermined from
the following equetion, which neglects chsnges in density:
hgVe
Cd - ———

int CVO
No heat was added to simulate actual cooling conditions.

The test datea have beencorrected for tunnel-wall
effects, according to the metheds discussed in reference 1
by the following equations:

cy O.987czr

mely T 0-590cm, 9, !

3
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1

a

o = 1.015a "

q, = 1.012q,"

wherc the primed guantities re»resent the values
reasured ir the tunnel., All test data were obteined
at fres-stream Mach numbers lass than 0.17.

RESULTS AND DISCUSSICN

Plain Airfoil 3zction

n airfoil seculcn at Revnolds numbers of

5 % 106 6 x 706 and 9 X 106 end the characteristics

of the sirfoi cection with 2 double-glotited {lap are
presented in *1gure 3(a), The effects of the double-
slotted flsz on the 1lift and siteching-moment charsac-
teristics are of tre order exnectsd for this tyre of
high-1ift device. The increase in the minimum zection
drag ccefficlent caused by standcrd leeding-sdge rough-
ness (reference 1) is similar to thet obieined for

other airfoil sections of t 1is type. The oreszure-
distribution clisracteristics of the »lein airlfoil saction
arc prsesented in figure /(b\. These data indicste that
the range of section 1ift coelficient giving = favorable
nressure gradient over the forward portion of the eirfoil
extends from a section 1ift cosfficient of -0,04 to
slightly less than 0.50. The peak Sressure cosfficlent
&t a sectlon 1lift coefficient of 0.15 corresponds Lo

8 critical Mach number (estimated by the methods of

o~

reference 2) of 0.07.

1ift, dreg, end pitching-moment cheracterlstics
[=Y

[

Original Wing-Inlet Cenfiguration

Figure lj oresents the characteristics cf the wing-
inlet section with tue original inlst. A compéarison
of the 1ift cheracteristics, srescnted in figure L(a),
with those of the »lain airfoil sectiom (fig. 3(&))
indicates a Z22-vercent reducticn in the maximum section
1lift coefficisnt. Test data at Reynolds numbers up to

6 x 106 (not presented) indicated no Tavorsble scale
effects on the maximum section 1lift ccefficlents.

»

i ]

[ Y
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Initial tests of the model were made with né internal
recistance. The data presented in figure Li(h) show

that the inlet loss is low for cnly a smell range of

11ft ccefficient. The rapid rise in the inlet locsses
causes kigh tctal-pressure losses throupgh the ducted
sectinn, as indicated by the total-creszssure loss

messured at the exit (fig. L(a)). The high internal
losses prcbakly canse excessively thick beoundary layers
behind the exit and consequently tre high dreg shown

in figure li(2). The nressure-distribution d-ta nresented
in figures L(c) and Li(d) indicete the critical Mach
number for the first 0.C&c to be 0.66 at a section 1lift
coefficlent of 0.22 and an Inlet-veloclity ratio of C.28.
The critic21l Mach number of the entirs wing-inlet _
section, however, 1s reduced to 0.€3 because of the peak
precsure in the vicinity cf the exit, Under all ccn-
ditions tested, the critical Mech number was limited

by the high suction pressures in the vicinity of the exit.

Inlet 2

In en attempt to Iincrease the maximum sectlon 1lift
coefficient, the leadlng-edge radil of the inlet 1lips
were increased, The 1ip stagcer was increzsed to permilt
the unper llp to guide the air flow inte the inlet at
high engles cf attack, and the inlet-velocity ratio for
a given exit opening was reduced by increasing the inlet
height. These modificaticns, which were made in an
attemnt tc reduce the inlet loss at high 1ift coefficients,
are shown In fligure 5,

The section characteristics of the ducted model
with inlet 2 are vresented in figure 6. A comparison
of the 11ft char=2cteristics with these of the original
inlet (rig. li(a)) incicstes that the maximum section
1lift coefficlent was considerably increased and exceeded
that of the plain alrfoil section (fig. 3(a)). Tre
Increase in the maximum section 1ift coefficient can be
attributed largely tc the increased 1ipn radii. The
drag charscteristics, presented in figure é(a), indicate
that the rapid risc in the section drag coefficlent.
occurs st higher 1ift coefficients in compsrison to
that obtained for the orizinal inlet (fig. L{(a)). At
high 1ift coefficients, the inlet losses of inlet 2 are
lower than these of thre original inlet; and the range
of 1ift coefficlerit for low inlet loss is therefcre more
extensive (figs., li(b) and 6 (b)). The inlet losses at low
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1ift coefficlents, however, are scmewhat excesslve,
Seversl modifications were made in attempts tc obtain
low inlet losses at low 1ift ceoefflcients without
increasing the inlet losses at hipgh 1ift coefficlents.
Successive attemots led to the development of inlet 3.

Inlets 3 and I

Inlct 3.~ Preliminary tests of the trisl inl=t
shapes, which led to the develcpment cf inlet 3, In-
dicated that the ronge of 1ift coefficlent for low inlet
loss csn be shifted slightly by verying the inlet 1lip
stagger. The lip stagger was therefcre decreased, as
shown in figure 7, Iin an sttempt to cecresse the inlet
losses at low 1ift coefficients. In &an effort to com-
sensste for the expected incresase in the inlet loss st
high 1ift ccefficients, the 1lins were thickened in-
ternally to form a gredually exganding diffuser that
would tend to allow the uppsr lip tc guide the internal
flow. In like manncr, at low 1ift ccefflclents the
lover 1ip would tsnd tc¢ guide the Iintsrnal flow,

Figure 8 shows the exit mecdifications that were
made to incresse the exit earea. The exit modifications
consisted in Incressing the camber and chord of the
exit flao and, hecause of the lsrger flap chord, 1t was
necessery to modify the exit 1ip as shown in the sketch.
Previous confirurations of the ducted alrfoil sscticn
were tested without simulated hesat-exchanger resistance,
The ducted section with inlet 3 wes tested with a
baffle plate simulating reat-exchsnger resistsnce in
order to include the effects of internal resistance on
the secticon cheracteristics, The position of the
gimulated heat-exchanger in the inlet and its constructlon
are shown in figures 7 and 9, respectively. The
baffle nlate had a ratio of open area to tetsl area of

.67,

Figure 10 presents the section charecteristics
of the wing-inlet section with Inlet 3. A compariscn
of the 1ift charscteristics presented in figure 1C(a)
with those of the plain 2irfoil section (fig. 3(a))
shows that the maximum section 1ift coefficient is con-
siderably hicher than thet of the plain airfcil section.
Pigure 1C{a) also shows that the Inlet losses are negli-
" gible for an extensive range of inlet-veloclty ratio and
1ift coefficient. The low inlet losses can be attrivuted

(L1l



NACA ACR No. L6B1E 9

to tre fact that separation at the inlet is prebably pre-
vented by the gulding actlon of the inlet lips. Figure
10(n} shoms the pressure distributions cver the lower
lip. Tre critical Mach number corresponding to the

oea? pressure coefficient at a section 1ift coefficient
of C.1% is C.51, or ccnsiderably lower than that of the
nlailn airfcil cectwon.‘ Attemnts were therefore made

to increase the criticel Mach number by thickening t%
evternal lower lip with medeling clay to ferm inlet ).

Inlet lp.- Fignre 7 shews the medifications made to
form Tnlet L. A compsriscn of the pressure distributions
over the lower 1lip of inlet L (fig. 11) with thcse obtz2ined
over the lower 1in of inlet 3 (fig. 10(b)) Indicates tke
critical speed of inlet I} to be higher than that of inlet 3.
The critical Mach numher of the lower lip of inlet L is 0.68
at a sectlon 1ift coefficient of 0.28, or slightly higher
than that of thre nlaln airfeoil secticn. The slig*tlv lcwer
maximum section 1ift coefficient of inlet } (fig. 11).

¥ have been caused by a change in the iniet-velocity

io or by scme surface irregularities inasmuch as the

lower lio of inlet l} was consfructed of modeling clay.
The internal-flow chraracteristics of inlet lj should be
similar tc those of inlet 3% becaucse the inletq have the
same profiles with the excepticon of the externﬂl low
lin., The section characteristics of inlet 4 sre t}ere—
fore mcre favorable than those cf inlet 3 because of
the higher critlcal Mach number of the lower 1lip.

Altkough the sectlon characteristics cof inlet ]}
may be considered sstisfactory, this inlet hss the
structur=1l disadvantace of reguiring an extensive fairing
hetween the ducted and plain alrfcll sections. An
attempt was consequently made to cevelop an inlet con-
figuration thet could be feired intc the plaln airfoil
csection without an extensive blister.

Inlet 5

Smcoth model.- Filgure 12 is a sketch of inlet 5,
which wes developed from tests of a trisl ccenfigurstion,
The 1nternal contours were similar to thcese of inlet 3,
but the lesding edge of the Inlet was located farther
rearwsrd to retain approximately the seme inlet height
as that of 1inlets 3 and l; without extending the external
contours beyond theose of tre plaln alrfoil section.
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Figures 13(a) to 13(e) present the characteristics
of tre ducted section In the smooth condltion. A com-
varison of these 1ift characteristics (fig. 13(a))’
with trose of the plaln airfoill section filg.. 3(a))
indicotes that the maximum sectlon 1lift coefficlent of
the ducted secticn is at least as hiligh as that of the
nlaln sirfcil section for an extensive range of inlet-
velocity ratio, The duta presented in figure 13(h)
indicste negligihle Inlet losses for tre desired range
of 1ift coefficient and inlet-velocity ratio shown in
figure 1. The vressure distributicns shown in flgures
13{c) and 1%3(d) indicate an extensive renge of 1ift
coefficient for a favcrable pressure gracdlent over the
uprer £ndé lower inlet lips.

The critical Mach number of the inlet lips (the
forward 0.50¢) is C.67 gt a section 1ift coefficlent of
0.15 and at an inlet-velocity ratio of C.3, or slightly
higher than that of the plain zirfcil section. The
high suction preszures in the vicinity of the exit,
however, reduce the critical Mach number of tre entire
wing-inlet secticr tc C.61l. An inersase 1n the criticsal
Mach number of the ducted wing sectlon con prchally be
obtained by locating the exlt farther resrwird cr by
unéercutting the exlt (ss shown in reference %) and
extending the exit 1ip to direct the exit flow parallel
to the cirfeil surface.

Lift, drag, and flow data at & Reynclds number of

6 x 1C6 are presented in figure 13(e). A comparison of
the 1ift charecteristics with those obtained at a keynolds
nurter of 2,3 X 166 (fig. 13(a)) indicates faverable

scale effects on the meximum section 1ift coefficlent.

The mininum section drag cocefficlent (fig. 1%3(e)) is
censiderably higher than trat ersected for a plain sirfoeil
section having pressure-distribution characteristics
similar to those of inlet 5, The increase in the minimum
section drag coefficlent may therefore be attributed
largely to the exit flow.

Leading-edge roughness,- Test data showing the
effects of leading-edge rcushness cn the 1ift and flow
characteristics are sresented in figure 13(f). These
data indicate thot leading-edge rcughness on cne or both ~
Inlet 1lips causes no aopreclable change in the internal-
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flow characteristics The maximum section 11ft coefl-
flcient is unaffecued by leading-edge roughness cn the
lower inlet lip. A comparison cf the 1ift charsc-
teristics for both the smocth and rovgh conditlicns
indicatss that leading-edge roughness on the unper
inlet 1in reduces the maximuw section 1ift coefficient
by aoproyiwately the same decrement ss tkat obtained
for the rlein =irfeil section (fic, 3(a))

Transition Section.

The fairing required between the plain airfoil
section and inlet 5 its scmewhat large, ancd a
substantial decrease in the maximum section 1ift
coerficient might be cbtalned cn a three-dimansional
wing becauvse of the shape of the inlet end closurs

ests were therefcore made ¢f & half-span ducted airfeil
secticn with inlet 5 to give an indicztion of the
effects cf the leadirg-edge friring on the 1ift
characteristics. The transition section was forwmed by
attaching the lszding-esdese contcour of the plain airfoil
section tc the wing- Lnlet secticn with Inlet § tc form
a helf-spon ducted sirfoll section., Firsure 1liy shows
varicus views of the mecdel and the fairing between

the rlain and ducted alrfoill secticns., A partition
between the ducted and plsin airfcil secticns restricted
the internal {low tc the ducted airfeoil section.

A compariscn of the 1ift cheracteristics rresented
in figure 15 with those of the plsin zlrfeil section
(fig. 3(2)) indlcates that the maximum section 1ift

coefficlent of the transition section 1s neeriy the
same as that of the plain airfeil sectlion. The drag
data presented in figure 1% indicste that stalling first
oceurs cver the plain alrfeil section.

Compearison of Characteristics of Ducted and
Plain Airfcil Secticns

Maxlmum 1ift.- The variation of maximum secticn
1ift coefficient with inlet- V91Cuity ratio Is ghown in
figure 16(a). The hirhest maximum sasction 1ift
coefficients were obtained with inlet L. The maximum
section 11ft ccefficlent of tre ducted mocel with inlet I
1s hirher than that of the plain airfoil secticon for
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inlet-velocity ratios ranging from s value somewhat

less than 0.30 upn to a value of 1.26. The maximum
section 1ift coefficient of the ducted airfoil sectlon.
with inlet 5 1s higher than that of the plain airfoll
section for inlet-velocity ratics between C.13 and 0.89.

Inlet losses.- Figure 16(b) shows the range of 1ift
coefficient and inlet-velocity ratlio at which the inlet
loss 1s neglipinle. Inlet l} has negligible 1lnlet losses
for a more extensive range of inlet-velocity ratic and
1ift coefficient as compared with those of inlets 1
and 5. Negligible inlet lossas throughout the rsnge of
inlet-velocity ratio and 1ift coefficient at which low
inlet lcsses are generally desired can be chbtained with
eitrer inlet [ or inlet 5.

Critical Mack number.- Flgure 16(c) shows the
critiCel. Mach number of inlet 5 (the ferwerd C.57c)
and the critical Msch numher of the slain airfoll

1¢

3!
section.. At the high-gpeed ccndition, the criticzl
Mach number is slishtly higher thsrn that of the plsin
airfoil secticn.

Tffect of exit on critical Masch numbcor.- Flgure 16(d) -
shows tre oriticel Mach nurher corresnoncing to the vesk
sressure over the exit flap for bcth the criginal and
medified exits. A comosrison of figures 16(¢) and 16(c)
indicstes that the pesk nressure over the exit flap
reduces the critical Mach number by apprcximately .06
at the hirh-speed conditicn. These data indlcate thzt an
important factor tc be considerecd in the design of an
exit is the effect of the exit ¢n the criticel WNach
mumber.,

CCNCLUSICK

4s the result of an investigation of 2 low-drsg
airfoll secticn with several le=dirng-edge air inlets in
the Langley two-dimensicnal low-turbulerce tunnszls,
two leezding-edge alr inlets having the fcllowing
characteristics have Dbeen develc:ea:

(1) Maximum 1ift ccefficients hicher than the
maximm 1ift coefficient of the plsin
alrfeill section for an extensive rangs
of inlet-velccity ratlo

Ty
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(2) TNeglirible inlet losses for an extencsive range
of inlet-veloclty rétic and 1ift coefficient

The critical Mach number of one cof the wing inlets

(the forward 0.,5Cc) was slightly higher than that of

the plein alrfoil section. The eritical Msch number

of the entire wing-inlet section, however, was limited
to 'a velue scmewhat lower than that of the plain airfeil
section by tre high suction pressures In the vieinity
of the exit which was located on the upper surface
between 0.50 chord snd 0.60 cherd.

Lansley Memorial Aercnautical Laberatory
National Advisory Committee for Aeronautics
Lanzley Fleld, Va,
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Figure 16.- Continued.
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